The U.S. Marine Mammal Protection Act mandates monitoring of incidental marine mammal mortality and serious injury attributable to commercial fishing operations. Generalized linear models (GLM) applied to data collected on a sample of the fisheries were utilized to estimate incidental bycatch rates of pilot whales (Globicephela macrorhynchus and G. melas), white-sided dolphin (Lagenorhynchus acutus), and common dolphin (Delphinus delphis) in U.S. bottom trawl fisheries operating off the Northeast coast of the U.S. during 2000-2005. Spatial, habitat, environmental and fishing practice covariates were significant in the best fitting GLM models. Highest bycatch rates (observed bycatch per observed days fished) occurred in deeper waters with low sea surface temperature (whitesided dolphin), on vessels in the Mid-Atlantic region fishing in deeper waters (pilot whales), and in offshore waters (common dolphin). Estimated bycatch rates were expanded by total bottom trawl effort (days fished) to derive the mean annual bycatch mortality for each of the three species. The estimated mean annual bycatch during 2000-2005 for pilot whales, white-sided dolphin, and common dolphin in U.S. Atlantic bottom trawl fisheries is 72, 212 and 142 animals, respectively. These estimates are 29%, 42%, and 14%, respectively, of their current potential biological removal (PBR) levels for these three species. The importance of animal behavior in conjunction with vessel and gear characteristics associated with bycatch should be investigated further to learn more about potential mechanisms entrapping cetaceans in bottom trawl nets.
Introduction
The Northeast U.S. continental shelf is a highly productive large marine ecosystem (LME) contributing to one of the nation's largest marine commercial fishing fleets (Fig. 1; NMFS, 1999; NMFS, 2004) . This LME is also home to around 30 stocks of marine mammals (NMFS, 1999; Waring et al., 2007) . The bottom trawl fleet accounts for the majority of fishing effort on the Northeast continental shelf (Stevenson et al., 2004) . Fishing operations occur across the entire shelf and slope regions harvesting a variety of demersal and pelagic fish, and invertebrate species (Stevenson et al., 2004; NMFS-NERO, 2008a) . The co-existence of bottom trawl fishing and marine mammals contributes to accidental capture in the fishing gear, and subsequent death of non-targeted marine animals (Fertl and Leatherwood, 1997; Tregenza, 1998) . This is commonly referred to as incidental bycatch or an incidental take (NMFS, 2004) . The U.S. Marine Mammal Protection Act of 1972, as amended in 2007, (MMPA) mandates monitoring marine mammal mortality and serious injury attributed to commercial fishing operations (http://www.nmfs.noaa. gov/pr/pdfs/laws/mmpa.pdf). This requires the regular assessment of marine mammal stock status so that they may rebuild to or maintain their optimal sustainable population levels, a primary goal of the MMPA. To determine marine mammal stock status, estimates of mortality attributable to commercial fishing operations are compared to the PBR value which is the product of minimum population size, one-half the maximum productivity rate, and a "recovery" factor (MMPA Sec. 3. 16 U.S.C. 1362; Wade and Angliss, 1997) .
The National Marine Fisheries Service (NMFS) has divided the Northwest Atlantic Ocean (NWA) bottom trawl fishery into two regions, Northeast and Mid-Atlantic (Fig. 2; Federal Register, 2007) . This paper focuses on three cetacean species that have documented interactions in the NWA bottom trawl fishery: pilot whales (Globicephala spp.), white-sided dolphin (Lagenorhynchus acutus), and common dolphin (Delphinus delphis).
There is insufficient data to accurately distinguish between bycatch of short-fin pilot whale (Globicephala macrorhynchus) and long-fin pilot whale (G. melas). As a result, all pilot whale take data were grouped and referred to as pilot whales (Globicephala spp.). All three species are regular inhabitants throughout the Northeastern U.S. LME. Although they have varying degrees of habitat preference, they are most commonly found along the continental shelf edge and western inshore Gulf of Maine (GOM) (Kenney and Winn, 1986; Payne and Heinemann, 1993; Palka et al., 1997; Waring et al., 2007) . These are nutrient rich areas that support important prey items preferred by some toothed cetaceans. Pelagic schooling fishes, primarily Atlantic mackerel (Scomber scombrus), herring (Clupea harengus), and the squids Loligo (Loligo pealei) and Illex (Illex illecebrosus), are important prey items for pilot whales, white-sided dolphin and common dolphin. Demersal fish species may also be an important opportunistic component of their diet (Abend and Smith, MS 1999; Couperus, 1997; Waring, 1990) .
In this paper, fishery-dependent data collected from a sample of the NWA bottom trawl fishery are analyzed to estimate annual bycatch mortality from [2000] [2001] [2002] [2003] [2004] [2005] for the three cetacean species. The primary objective was to build simple yet precise and accurate generalized linear models (GLMs) to predict the rate at which pilot whales, white-sided dolphin and common dolphin, are bycaught in bottom trawl gear per unit effort. Model predicted bycatch rates were then expanded to estimate total bycatch by applying the modeled bycatch rates to the total fishing effort of commercial fisheries. The total bycatch estimates for each species was then compared to the PBR value for each species.
Predictive models have become more common in recent years as a useful tool for not only predicting bycatch mortality but also to facilitate development of mitigation measures to reduce incidental bycatch of protected species (McCracken, MS 2004; Watson et al., 2005; Miller and Skalski, 2006; Garrison, 2007; Du Fresne et al., 2007; Murray, 2008) . This paper presents the first estimates of small cetacean bycatch mortality attributed to bottom trawl gear in the NWA using a predictive model approach. Earlier estimates of small cetacean bycatch attributed to bottom trawl gear in NWA were generated using simple stratified ratio-estimators (Waring et al., 2007) .
Methods
There are two primary sources of data necessary to estimate total incidental bycatch mortality. It is necessary to have both an estimate of total fishing effort for the bottom trawl fleet and a sample of the bottom trawl fleet where both effort and incidental bycatch are recorded. Bycatch rates (number of observed mortalities per observed fishing effort) are estimated from the sample which can then be expanded by total fishing effort of the fleet to estimate the total bycatch mortality.
Many gear and trip parameters were collected on the sampled bottom trawl trips. These parameters were used in a GLM framework to predict bycatch rates. Significant model parameters in essence stratify the data, thus resulting in improved precision of the estimated bycatch rates. The data sources and model development are discussed in further detail below.
To put the bycatch estimates in biological prospective, the bycatch estimate is compared to the PBR value for each species.
Data sources
Commercial fishing data. Commercial fisheries statistics for vessels fishing bottom trawl gear are collected under a mandatory reporting program (NMFS-NERO, 2008b) . Data on individual fishing trips are recorded on paper forms known as vessel trip reports (VTR's), and includes data associated with temporal and spatial parameters of individual fishing trips (date, time, location, depth), operational parameters (tow duration, codend mesh size and foot rope length), and amount of fish (by species) landed for each trip. Environmental data (sea surface temperature and bottom slope) associated with each trip were obtained from other sources (see section on Environmental Data). VTR data are assumed to represent a census of Northeastern U.S. bottom trawl fishing effort (Maine to North Carolina) when used in fish stock assessments to manage these fisheries (Rago et al., 2005) . Thus, the VTR effort data collected during 2000-2005 were assumed to represent the total bottom trawl fishery effort when estimating total annual bycatch of cetaceans in the bottom trawl fisheries.
Sampled commercial fishing data. The Northeast Fisheries Observer Program (NEFOP) collects data on vessel, trip, haul, and gear characteristics from a sample of commercial fishing vessels. Biological data are also obtained from target and non-target catch, and bycatch of protected species and sea birds (NMFS-NEFSC, 2008) . The NEFOP database has over 100 gear and environmental variables, but only variables that were also available in the commercial fishery (VTR) data were considered for the bycatch rate model because the same data from the commercial fishery are required to estimate total bycatch (Table 1 ). All observed tows with a missing value for any of these variables were removed prior to modeling (2.85% of the data records). Only bottom trawl trips targeting fish and pelagic invertebrates were analyzed; thus trips targeting sea scallops were not included.
Consistent collection of sea surface temperature while at sea (SST) on observed bottom trawl tows was not fully implemented until 2003. In addition, 40% of observed tows did not have bottom depth information. Therefore, SST, bottom depth and bottom slope information for the beginning of each observed bottom trawl tow was derived from the same data sources used for the VTR data. (see section on Environmental Data).
The consistency of NEFOP sampling of the bottom trawl fleet across the region was analyzed by year and Statistical Area ( Fig. 3 ; Appendix 1). Consistent annual sampling around GOM and Georges Bank (GB) in the northern regions of the Northeast continental shelf did not begin until 2000. Therefore, the time series selected for analysis is 1 January 2000 through 31 December 2005 (Appendix 1). A minimum of 2% mean annual sampling of commercial fishing trips was used as a benchmark for selecting Statistical Areas to include in the sampling dataset. A 2% sampling is considered a sufficient level of coverage for developing pilot sampling programs for fisheries with unknown or limited data (NMFS, 2004) . During 2000 to 2005, Statistical Areas inhabited by marine mammals with mean annual coverage near or at zero were excluded from the dataset. Statistical areas that had low coverage (0.01-2%) were included with the caveat that the probability of observing bycatch in these areas was low during the time of sampling due to low coverage (Department of the Navy, 2005).
Bycatch is defined as any observed interaction where the animal's condition was recorded as either alive (with or without injuries) or fresh dead. Because trawl gear is actively towed for an average of 3.3 hours, it was assumed that the cause of death of animals with any stage of decomposition was not attributed to the gear and thus were excluded from the analysis.
Haul duration
Hauldur CO A calculated variable recorded as the difference between the time when gear is set in to the water and when the hauling gear is engaged for net retrieval.
Fish kept
Fshkpt CO The total tow weight (metric tons) of fish kept.
Fish group
Fshgrp CA A calculated variable where individual kept species were grouped into categories based on regression tree analyses (Table 8) Fish species Species CA The common name of the primary fish species sought for each observed tow.
Foot rope length
Ftroplen CO The length (feet) of the rope along the bottom of the trawl net. Environmental data. Using ArcGIS 9.1 software, and data on the position (latitude and longitude) and date (day and year) from both tows observed by the NEFOP and trips reported on VTRs were used to extract satellite derived data for SST and bathymetry data (bottom depth and bottom slope) using the methods described in Warden and Orphanides (2008) . Sediment data that describes bottom type was acquired from the Unites States Geological Survey (USGS) east coast sediment data base. Additional information on the USGS east coast sediment analysis can be found at: http://pubs.usgs.gov/of/2000/ of00-358/ .
Days fished

Analytic approach
Model building to estimate bycatch rates. The number of bycaught animals per tow varied from zero to seven animals per tow (Table 2) . Thus, the species bycatch rates were modeled in a generalized linear model (GLM) framework assuming a quasi-Poisson distribution. The dispersion assumption of the Poisson distribution was investigated. Data that are truly over (or under) dispersed can not be remedied by transformations or regression on associated covariates (Cameron and Trivedi, 1998) and can only be addressed by models that explicitly account for truncated or inflated zeros in the data (e.g. hurdle, negative-binomial or zero-inflated models). Thus, the zero-inflated model framework (ZIP) was also investigated.
The following steps were followed to build a predictive model for each cetacean species. First, each dependent variable was modeled separately against each cetacean response variable with an offset variable (null model) to predict the rate at which cetacean species were bycaught per unit effort (days fished) in the bottom trawl fishery (Table 1) . Second, the goodness of fit (GOF) of each uni-variate model was assessed using the analysis of variance (ANOVA) and Akaike information criteria (AIC; Burnham and Anderson, 2002) , respectively. Third, continuous covariates were log transformed to improve fit. Fourth, transformed continuous covariates that were significant and had lower AIC scores relative to the other variables were then categorized to assess further improvements in AIC scores. Regression trees were used to categorize significant continuous covariates and Areas that are inhabited year round by marine mammals but had low mean annual levels of coverage (<2%) were included with the caveat that the probability of observing takes in these areas was low during the time of sampling due to low coverage. reduce the number of levels for categorical variables that initially showed significant association with response variables. Several different group categories were explored and final categories were selected based on the lowest AIC score. Fifth, all the models were sorted by their AIC score from lowest to highest AIC. Covariates with coefficient of dispersion (CD) near one were preferred over covariates that had the same AIC score, where the CD is defined as the variance divided by the mean.
The regression trees were used to create meaningful break points for continuous variables so that the categorized predictors had lower AIC scores than their continuous counterpart. Original categorical variables that were significant but had high AIC scores because of too many levels had levels pooled so that AIC scores decreased when grouped to fewer levels. Therefore, all the final models developed to predict cetacean bycatch rates were built from the best fitting univariate models using categorized covariates with the lowest AIC scores (Tables 3-5) .
Final model selection was based on several factors: (1) the overall fit of the model based on the AIC; (2) the GOF of the predicted bycatch compared to observed bycatch stratified by the model parameters; (3) models with a coefficient of dispersion near one were preferred; and (4) models that have a minimum of 5-10 positive observations (takes) per parameter to reduce risk of over-fitting and increase parsimony (Harrell et al., 1984; Stokes et al., 1995) . Factor 4 (models with higher parsimony relative to simpler models) was given priority over the other factors for final model selection. A preliminary set of binomial and zero inflated Poisson (ZIP) models were also evaluated in the search for the best model to predict cetacean bycatch rates. However, the apparent varying degrees of over or (under) dispersion was remedied by different significant regressors during model building. As a result, the ZIP models were not pursued any further.
Bycatch estimates. Bycatch (T) estimates for each cetacean species (i) were calculated as the product of the model estimated bycatch rates (R) multiplied by total days fished (E) from each strata (j) as defined by the Observed trips were re-sampled 1 000 times within strata using standard bootstrapping techniques to generate standard error (SE) statistics for the bycatch rate models (Efron and Tibshirani, 1993) . Coefficient of variation (CV) statistics (SE/bycatch rate) were then calculated for the annual and mean takes estimates. It was assumed that the VTR effort statistics (days fished) represented a census of the bottom trawl fleet (Rago et al., 2005) . As a result there are no variance estimates associated with the VTR effort.
Results
Observed bycatch
Between the years 2000 and 2005 there were 51 675 bottom trawl tows observed. During this time period there were 12 pilot whales, 74 white-sided dolphin and 39 common dolphin observed taken in the gear (Table 2 ).
Six pilot whales were observed in the Northeast region during April and June in the multi-species groundfish fishery and six were also observed in the Mid-Atlantic region between August and December in the Illex and Loligo squid fisheries (Fig. 3) .
With the exception of one animal, all 74 white-sided dolphin were observed in the Northeast region around Wilkinsons Basin and north-western GB, where the one exception was taken on south-western GB (Fig. 3) . The majority (66%) of white-sided dolphin were observed during the months of March and April in the multi-species groundfish fishery.
Ten common dolphin were observed in the Northeast region in Wilkinson Basin and GB, while 29 (74%) animals were observed in the Mid-Atlantic region concentrated in offshore Statistical Area 622 (Fig. 3) . Common dolphin takes were observed in the Northeast region during July through February in the mixed groundfish and Loligo squid fisheries, in contrast to the takes in the Mid-Atlantic region where 59% (17/29) of the observed takes were taken in December and March in the offshore Loligo squid fishery (Fig. 3) .
Bycatch rates and total bycatch estimates
Pilot whales. Total mean annual bycatch estimates of pilot whales from 2000-2005, over both regions and all strata was 72 (CV = 0.13) animals (Table 6 ). On average, 24% and 76% of the bycatch came from the Northeast and Mid-Atlantic regions, respectively. Over both regions, 70% of the mean annual bycatch came from vessels fishing in mid-depth waters, 19% came from deep waters, and less than 11% of the mean annual bycatch came from shallow waters (Table 6 ).
Relative to the null model AIC (199), the best univariate predictors of pilot whale bycatch were the following categorical variables: depth (AIC = 181), fshgrp (AIC = 182), region (AIC = 190), slope (AIC = 191) and VHP (AIC = 193; Table 3 ). The best fitting model chosen included depth and region (AIC = 168; Table 7 ). The addition of slope and VHP did describe some of the additional variance in the data as shown by a decreasing dispersion statistic however they did not change the AIC (Table 7) . Several of the models are reasonable (AIC values within 4-8 of the lowest AIC according to Burnham and Anderson, 2002) . However, an additional criterion for selecting a final model includes parsimony. Therefore, the final GLM log-linear predictor for predicting pilot whale bycatch rates is defined as: Fig. 2 ; Table 8 ). The partial residual plots show that the bycatch rate of pilot whales is much higher in the Mid-Atlantic region than in the Northeast region (Fig. 4) . The larger residuals for observations from the deep and mid depth categories are probably due to smaller amounts of fishery effort and low observer coverage in the deep and mid depths relative to shallow depth effort ( Table 9 ). The predicted number of bycaught pilot whales compared to the observed bycatch indicates the final model fits well (Fig. 5) .
The estimated bycatch rates ranged from a low of 0.00009 (CV = 1.11) animals per day fished in shallow depth waters in the Northeast region to a high of 0.06477 (CV = 0.48) animals per day fished in mid-depth waters in the Mid-Atlantic region (Table 6 ). The bycatch rates in the Mid-Atlantic region are generally larger than the bycatch rates in the Northeast region. The VTR data from 2000 to 2005 indicate that on average, over both regions, 65% of the fishing effort came from vessels fishing in shallow waters, 11% from the mid-depths and 24% from deep waters. Because pilot whales are most commonly found in deeper water associated with steep sloped habitat, the probability of interaction is higher for vessels fishing in deep waters, however, the majority of fishing effort takes place in shallow waters.
White-sided dolphin. Total mean annual bycatch estimates of white-sided dolphin from 2000-2005, over all strata from both regions was 212 (CV = 0.11) animals. On average, the majority (82%) of the bycatch came from vessels fishing in deep waters where 26%, 37% and 19% came from waters with low, mid and high SST, respectively (Table 10) . Relative to the null model AIC (975), the best predictors for white-sided dolphin takes were the following categorical variables: SST (AIC = 884), month (AIC = 889), depth (AIC = 904), area (AIC = 908) and fshgrp (AIC = 922; Table 4 ). Month and SST were correlated (r = 0.59) so including them both in final modeling building was redundant. The best fitting model chosen included SST and depth (AIC = 850; Table 7 ). The model that also included area and fshgrp had a lower AIC score, however, residual analysis showed that this model did not predict takes well for specific areas and fish groups, thus leading to larger residuals when compared to a simpler model. As a result, the final GLM log-linear predictor for predicting white-sided dolphin bycatch rates is defined as: where SST is defined by three categories (lowSST is ≤4.44°C; MidSST is 4.44-6.49°C; and high is >6.49°C), and depth is defined by two categories (ShallowDepth is ≤142.59 m; and DeepDepth is >142.59 m; Table 8 ). The predicted number of bycaught white-sided dolphin as compared to the observed bycatch indicated the model fit well (Fig. 5) .
The estimated bycatch rates for the six different strata ranged from a low of 0.00127 (CV = 0.16) animals per day fished in shallow waters with high SST to a high bycatch rate of 0.07377 (CV = 0.40) animals per day fished in deep waters with low SST. In general the bycatch rates are higher in deep waters than in shallow waters, and the bycatch rates decrease as SST increases (Table 10 ; Fig. 6 ). The larger SE's for the low SST range is probably due to the small amount of fishery effort and resultant low observer sampling in low SST waters relative to the other SST ranges ( Fig. 6; Table 11 ).
Less than 5% of the fishing effort on average, over both regions, took place in the stratum with the highest bycatch rate (deep water/low SST), whereas 37% of the effort on average took place in the stratum with the lowest bycatch rate (shallow water /high SST; Table 11 ). Table 10 . GLM predicted bycatch rates with C.V.s reported (in parentheses) for white-sided dolphins with annual and mean bycatch estimates by region A and region B, SST (°C) and depth (meters), (low SST ≤4.437°; mid SST >4.437° to ≤6.488°; high SST >6.488°; shallow depth ≤142.59; deep depth >142.59). Total and mean annual bycatch estimates summed over both regions and strata are also reported for regions A and B combined. (Tables 7 and 8 ). The horizontal line indicates the fit where the length is a function of the number of observations in the category. The vertical lines are two standard error bands. The SE bands for the high SST category are present with upper and lower bounds near zero but are not distinguishable in the graph due to the very large number of zeros relative to the total number of observations in this category. The jittered black circles are the partial deviance residuals for all observations. Solid black bars or 'rug plot' on the x-axis represent sample sizes at each category (Splus 6.2).
SST Depth
Number of bycaught animals observed Common dolphin. Total mean annual bycatch estimates of common dolphin from 2000-2005 over both regions and all strata was 142 (CV = 0.10) animals (Table  12 ). On average, over both regions, more than half of the bycatch (58%) came from vessels fishing in the MAS area followed by the OTH (30%), where the remaining 12% of bycatch came from the SGB and MIS areas (Table 12) . Definition of areas are in Table 8 .
Relative to the null model AIC (601), the best predictors for common dolphin bycatch were the following categorical variables: area (AIC = 455), fshgrp (AIC = 465), state (AIC = 483), latitude (AIC = 519) and slope (AIC = 518; Table 5 ). Models with area included had the lowest AIC's. However, as additional variables were added to area the parameter ratio's decreased (Table 7) . As a result, the simplest model that included only area (AIC = 455) was selected as the best fitting model to predict common dolphin bycatch rates (Table 6 ). Thus, the final GLM log-linear predictor for predicting common dolphin bycatch rates is defined as:
where area is defined by four categories (MAS, MIS, OTH, and SGB; Table 8 ). The highest bycatch rate was in the MAS area (Fig. 7) . The larger SE for the MAS area is probably due to the small amount of fishery effort and resultant low observer sampling in the MAS area relative to the other areas ( Fig. 7 ; Table 13 ). The predicted number of bycaught common dolphin as compared to the observed takes demonstrates a perfect fit to the raw data (Fig. 5) .
The estimated bycatch rates range from a low of 0.00056 (CV = 0.61) animals per day fished in the MIS areas to a high of 0.14708 (CV = 0.35) animals per day fished in the MAS areas (Table 12) . (Fig. 3) .
Less than 5% of the mean annual effort over both regions took place in the areas with the highest bycatch rate (MAS), whereas 74% of the mean annual effort, over both regions, took place in the areas with the lowest bycatch rate (MIS; Table 13 ).
Dispersion investigation
Raw observed white-sided and common dolphin takes (i.e., not accounting for any covariates) showed some degree of over-dispersion (Table 2) . Conversely, raw pilot whale takes fit the Poisson distribution.
During the univariate GLM analysis phase, for all three cetacean species, dispersion varied by type of covariate (Tables 2-5 ). All of the univariate pilot whale models were under-dispersed (not to a large degree in most cases) compared to the white-sided and common dolphin univariate models. The common dolphin univariate models showed the largest degree of over-dispersion, though all dispersion values were less than three.
During the multi-variable model building phase, dispersion decreased as covariates were added in the common dolphin model, while dispersion increased slightly as covariates were added in the pilot whales and whitesided dolphin models, though dispersion values of all the final models were less than two (Table 7) .
Other modeling frameworks
ZIP models assume that there are two types of bottom trawl tows that end up without observed bycatch: (1) tows that could have had a bycatch event, but by chance did not (for example, a bycatch event could have been observed if they fish longer), and (2) tows that are likely to never have a bycatch event. ZIP models did not account for additional variability over that accounted for in the quasi-Poisson GLM models. This could be due to the very low probability of observing multiple animals in one tow. A quasi-binomial GLM was also explored for pilot whales, since tows had either zero or one take. However, the goodness-of-fit for the quasi-binomial did not improve the fit as compared to the quasi-Poisson GLM model.
Bycatch relative to PBR
In conclusion, the mean (2000) (2001) (2002) (2003) (2004) (2005) annual bycatch of pilot whales, white-sided dolphin and common dolphin attributed to bottom trawl fishing gear is 72 (CV = 0.13), 212 (CV = 0.11) and 142 (CV = 0.10) animals, respectively. Presently, these mean annual take estimates are at 29%, 42% and 14% of their respective stocks potential biological removal (PBR; Waring et al., 2007) .
Discussion
The cetacean GLM models had low but varying degrees of dispersion implying these data are not truly under or over-dispersed (Table 7) . The model building process indicates that there is enough heterogeneity in the characteristics among bottom trawl tows that the right combination of covariates can remedy the dispersion problem (Cameron and Trivedi, 1998) . However, further analysis of the pilot whale data is needed to determine whether these data exhibit apparent or true under-dispersion. There may be some other mechanism related to the bycatch of cetaceans that has not been discovered or captured by the covariates, or it could be real negative contagion, which is the occurrence of one event decreasing the probability of future events (King, 1989) . For example, when an animal is captured there could be a behavioral mechanism among cetaceans traveling in groups that decreases the likelihood of another bycatch event. Sighting logs from observed trips often note the presence of several animals in the vicinity when an incidental take has occurred. It is also common to observe groups of animals present around bottom trawl vessels during standard trawling operations (setting, towing and hauling of gear) when no takes have occurred.
In general, among all three bycatch rate models, spatial (region, area and latitude), habitat or environment (slope, depth or SST), and fishing practices (fshgrp) variables were significant and had the lowest AIC scores (Tables 3-5 ). The type of fish harvested (fshgrp) in particular was among the lowest AIC scores for all three cetacean species, followed by habitat and spatial variables (depth, SST and area; Table 7 ). These variables are associated with each other to some degree. For example, chisquare tests of independence show that area fished and target species (fshgrp) are highly associated. In addition, target fish species and area were associated with habitat characteristics such as depth and slope. Hence, the models that fit appear to be describing features preferred by cetaceans for various reasons (e.g., feeding, mating, socializing) that also coincide with features preferred by fishermen when harvesting specific species (Fertl and Leatherwood, 1997; Garrison, 2007) . Because the bycatch of cetaceans is rare there isn't enough power in the data to support the addition of all these potentially important features. However, the final models selected for each cetacean species fit the data, indicating that these models are appropriate statistical predictive models, even if they are not describing a mechanistic relationship (i.e., cause-and-effect relationship). However, McCracken (MS 2004) also notes that development of methods to handle rare events observed in hierarchical data could lead to improvements in model selection.
The estimated bycatch rates are also known as ratio estimators in the sense that the models are predicting take per unit of effort. One of the assumptions for valid use of a ratio estimator is that there needs to be a linear correlation between x and y (in this case bycatch and days fished, respectively). Significant relationships between bycatch and days fished were present within some of the strata defined by the model covariates for all three species. The lack of association in some strata is likely due to the sparse number of bycaught animals and may add bias to the estimated bycatch rates for these species (Tables 9, 11 and 13). McCracken (MS 2004) found traditional models to be adequate in predicting bycatch of rare events.
A noticeable pattern in the diagnostic plots is the small sample sizes in several strata. This is not due to poor sampling but rather low commercial fishing effort relative to the other strata (Tables 9, 11 and 13). Some of the strata with low effort are associated with a high abundance of animals. As a result, these particular areas have the highest take rate per unit of effort. The highest bycatch rates were found in deep waters with low SST (white-sided dolphin) or where vessels in the Mid-Atlantic region fished in mid to deep waters (pilot whales) or in offshore Statistical Areas in the Mid-Atlantic region (common dolphin; Fig. 3 ).
Future improvements to model development may include the removal of areas from the analyses where probability of takes is zero, for example in time/areas where there is no fishing or no cetaceans. This may improve model fitting and remove negative bias. For example, white-sided dolphin have not been sighted south of the Delmarva Peninsula and pilot whales have not been sighted on the shelf habitat (Palka et al., 1997; Department of the Navy, 2005) .
The purpose of the models reviewed in this paper was to estimate bycatch rates attributable to bottom trawl fishing gear. Under different objectives, such as, mitigation or developing a model of the mechanistic reasons for bycatch, different models may be preferred. The NEFOP dataset contains many vessel and gear characteristics not investigated in this analysis because those characteristics are not known for the entire fishery which would not allow expanding a bycatch rate to a total bycatch estimate. These other characteristics could be investigated further to learn more about statistical correlations between gear characteristics and bycatch or about potential mechanisms that entrap animals in bottom trawl nets. A potentially important variable not collected in any dataset is when the takes occur; did the take occur at depth or near the surface. Hamer and Goldsworthy (2006) documented an increased numbers of Australian fur seals at sub-surface levels during net deployment and retrieval relative to the number of animals present at the surface suggesting that the animals dive to forage on fish in the net near the surface. Increased use of video technology should be utilized as a research tool to learn more about factors associated with small cetacean bycatch that cannot be observed from the deck of a trawl vessel.
The high abundance of whales and dolphins in fishing areas on the Northeast U.S. continental shelf and the fact that these animals have been observed swimming in and out of the trawls, in comparison to the rareness of bycatch suggests that there may be some other causal factors that increase the risk of animal(s) and gear interacting. One theory discussed among fishermen and scientists involves the collapsing of the mouth of the trawl net when tow speed is reduced to commence hauling operations or turning of the vessel, and how this may trap animals that may be depredating on fish inside the body of the trawl net while it is actively being towed through the water column (Morizur et al., 1999; Smith and Baird, MS 2005; Du Fresne et al., 2007; NOAA, 2009) . Another theory is that animals are attracted to the acoustic sound emitted while setting or hauling the trawl net. Discussions on behavioral and mechanical processes which include social and feeding behavior, vessel processes, and gear characteristic that could contribute to the risk of interaction have been discussed in Corkeron et al. (1990), Fertl and Leatherwood (1997) , Pace et al. (2003) , Read (2005) and Waring et al. (1990) .
Since Fertl and Leatherwood (1997) was issued, interactions of cetaceans and pinnipeds with midwater trawls continue to dominate the literature. Du Fresne et al. (2007) also note that interactions between cetaceans and trawls in most of the world is attributed to mid-water trawls due to a variety of factors. However, it is important to note that this is not the case in the NWA region of the U.S. The results of this study show that mean mortality of white-sided dolphin and pilot whales attributed to bottom trawl fishing are three times larger than bycatch in mid-water trawls (Waring et al., 2007) . This is largely due to differences in timing and spatial location (on the continental shelf) of the pelagic Clupea harengus and Scomber scombrus fisheries in relation to presence of small cetaceans (NMFS-NEFSC 2009) . In contrast, bottom trawl fisheries in the NWA U.S. occur year round in regions that overlap with the preferred habitat of whitesided dolphin, pilot whales and common dolphin (Payne and Heinemann, 1993; Gannon et al., 1997; Orphanides and Magnusson, 2007; Waring et al., 2007) .
One final important note to be made pertains to the assumption that effort from VTR's used to expand estimated bycatch rates represent an accurate (unbiased) total estimate of effort. It can be argued that self-reported catch data will inherently contain some degree of bias. However, in the Northeast region of the U.S. Rago et al. (2005) states that there is close agreement between landings reported on VTR's and dealer reported landings which are considered a near census of total landings. The dealer reported landings however do not contain total effort as this parameter is only reported on VTR's. In addition, Rago et al. (2005) evaluated accuracy of observed catches for estimating finfish discards by comparing average catches, trip duration and spatial coherence of trips with and without observers on board. Overall, results show strong similarities between data recorded on VTR's and independent observer reports in the Northeast region . It should be noted that analyses presented by Rago et al. (2005) rely heavily on landings of Northeast multi-species groundfish. Other important fisheries in the mid-Atlantic region that also interact with small cetaceans (i.e., Loligo and Illex squid) were not evaluated for accuracy. However, several of the primary mid-Atlantic fisheries that interact with the small cetaceans addressed in this paper are managed by federal fishery management plans that have the same mandatory reporting requirements as the Northeast multi-species groundfish fisheries. As a result, it was assumed that VTR's provide and accurate (unbiased) representation of total bottom trawl fishing effort across both the Northeast region and MidAtlantic regions. 12.41% Trips that fished in more than one statistical area were treated as separate trips. The years 2000-2005 were selected for predicting small cetacean bycatch mortality.
